The prevalence of metabolic syndrome (MetS) is rapidly increasing with advanced age. Since aging affects sarcopenia and muscle strength, which could, in turns, affect MetS, it is critical to examine the association between MetS and muscle strength in this population. Handgrip strength (HGS) has been introduced as a simple assessment tool for muscular strength. Several studies investigating the association between HGS and the risk of MetS have yield conflicting results. Therefore, this study aimed to investigate the association of MetS and relative handgrip strength (RHGS) in elderly Koreans. Methods: A total of 1,244 (male, 589; female, 655) elderly subjects (age ≥65 years), who participated in the Seventh Korea National Health and Nutrition Examination Survey VII-1 (2016) were analyzed. Participant' s HGS, body mass index (BMI), MetS, and its five criteria were measured. Subjects were categorized into four groups based on their RHGS, which was defined as absolute HGS divided by BMI. Results: The highest quartile RHGS group has a significantly lower prevalence of MetS in both men and women (F=35.16, P<0.001 vs. F=31.78, P<0.001, respectively). Moreover, the odds ratio of MetS was 0.52 times lower (0.52; 95% confidence interval [CI], 0.31-0.85) in the third quartile RHGS than that of the lowest RHGS, and 0.28 times lower (0.28; 95% CI, 0.17-0.47) in the highest RHGS group in women than that of the lowest RHGS group. Conclusion: Maintaining a high level of HGS may reduce the incidence rate of MetS in elderly Koreans.
INTRODUCTION
Metabolic syndrome (MetS) is a cluster of unhealthy cardiometabolic disease risk factors, such as abdominal obesity, high level of systemic hypertension, elevated fasting plasma glucose (FPG) level, high levels of triglyceride (TG), low levels of high-density lipoprotein cholesterol (HDL-C) defined by the American Heart Association. 1 The prevalence of MetS is rapidly increasing with advanced age worldwide [2] [3] [4] : 40% of people over 60 years in the US 5 and 34.0% and 40.5% in elderly men and women in Korea. 6 Since
MetS is also known as being related to all-cause of mortality innervation. Reduced muscle strength, in turn, can be used as a determinant for loss of physical function and disability risk in old age.
Handgrip strength (HGS) has been introduced as a simple and inexpensive assessment tool for muscular strength. Since HGS was strongly correlated with total muscle strength 11 , it is often used as an indicator of overall muscle strength for aging adults.
Numerous clinical and epidemiological studies show that low HGS is associated with a variety of poor health outcomes including subsequent onset of functional limitation 10 , chronic mobilities and disabilities 12 , all-cause mortality 13 , and even longer length of stay among surgical patients. 14 Several studies investigating the association between HGS and the risk of cardiovascular risk and MetS have yield conflicting results. Meta-analysis of cohort studies had reported that the hazard ratio was 1.6 for CVD when it compared the lowest versus the highest level of HGS. 15 However, Gubelmann et al. 16 reported no association between absolute HGS and CVD among 2,707 subjects over 50 years of age.
Besides, unclear sex difference in this association has been reported as well. Taiwanese study 17 reported that reduced relative handgrip strength (RHGS) was associated with an increased cardiovascular risk score only in men and a recent UK study reported that HGS was associated with CVD only in men, not it women. 18 Little is known concerning the relationship between MetS and HGS in the older adult who is a part of the population that has a 
METHODS

Study subjects
This study analyzed the KNHANES VII-1, 2016. The KNHANES has been examined since 1998 by Korea Centers for Disease Control and Prevention (CDC) to assess the health status of the Korean. This survey was the probability-cluster, stratified and multistage survey of a representative sample of the noninstitutionalized population in order to assess the health status in the Korean population.
Annually, 4,600 households, 10,000-12,000 individuals are selected from a panel.
The KNHANES VII-1 was a cross-sectional and nationally representative survey consisting of the nutrition survey, the health interview, and the health examination. Among a total of 8,150 persons aged 19 and older who completed KNHANES VII-1, we used data of 1,244 whose age was 65 years and older and whose HGS, body mass index (BMI), and MetS data ( Fig. 1) . 
Data collection
The health examinations included medical history taking, a questionnaire on health-related behaviors, physical examination, anthropometric and biochemical measurements. Physical examinations were performed by trained medical staff following standardized procedures. In demographic variables, family income was categorized into quartiles as Q1 ( < 25th percentile), Q2 (25th-49th percentile), Q3 (50th-74th percentile), and Q4 ( ≥ 75th percentile).
Further, education was classified as below elementary school, middle school graduate, high school graduate, and college graduate or above.
Participants were asked about health-related behaviors, including cigarette smoking status and regular exercise. Smoking status was indicated as "never, " "former, " and "current" based on their smoking status at the time of the survey. Regular aerobic exercise was indicated as "yes" when the subject participated moderate or strenuous exercise regularly more than 2 hours and 30 minutes per week for moderate exercise that causes slightly increased respiration and heart rate; more than 1 hour and 15 minutes for vigorous exercise.
Regular resistance exercise was indicated as "yes" when the subjects participated in resistance exercises such as push-up, arm-curls, and sit-up at least 2 days per week.
Waist circumference (WC) was measured at a middle point be- 
Statistical analyses
The complex sample analysis was conducted for the KNHANES data for weighing all values following the guideline given at the workshop by the Korea CDC. Due to the significant sex differences in RHGS data, data of men and women were separated in this study. Sex difference in demographic and anthropometric characteristics was compared using the independent t-test or chi-square test. RHGS was divided into the quartiles. Multivariate logistic regression analysis was analyzed to investigate the association between the quartiles of RHGS and MetS itself or its parameters (SBP, DBP, FPG, HbA1C, TC, TG, HDL-C, and WC).
Statistical analysis was conducted with the IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA). Continuous and categorical variables were expressed as mean ± standard error (SE) and number (%), respectively. The P-values less than 0.05 were considered as statistically significant.
RESULTS
The baseline general and clinical characteristics of subjects by gender (n = 1,244) are shown in http://www.jomes.org | 57 0.84) and there was a significant sex difference in both absolute HGS and RHGS. There were no sex differences regarding DBP, HbA1c, TG, and LDL-C ( Table 2 ).
The association between RHGS and components of the MetS are shown in Table 3 . WC was negatively associated with RHGS in both men and women (r = -0.338, r = -0.396; P < 0.001, respectively). Weight and HbA1C are negatively associated with RHGS in both sexes, but HDL-C was positively partial correlated with RHGS in both sex. Aerobic exercise is partial positive correlated with RHGS in both sexes (P< 0.001, P< 0.038, respectively), conversely, strength exercise was positively correlated with RHGS in men only (P< 0.001) ( Table 3 ). (Tables 4 and 5 ).
DISCUSSION
The current study examined the association between MetS and In the current study, we also found sex differences in the association between RHGS and TC, TG, and FPG. Consistent with a previous study 4 , we observed that RHGS was associated with a lower risk of impaired fasting glucose level in men alone. This may be re- Second, the current study found a significant association be- Numerous studies have shown that physical function in seniors is associated with health-related issues including mortality and exacerbation with the current disease. 27 Despite its importance, physical function is rarely measured in a clinical setting or practice because of a certain amount of time and space as well as a safety issue.
Besides, it is also essential to understand the factors affecting the disabling process and the sequence of health events when the pub- Second, because of the data availability, it was not possible to examine the relationship between RHGS and insulin resistance. This has the potential for adverse metabolic consequences in terms of reduced glucose uptake and hyperglycemia. It has been suggested that hyperglycemia has an adverse effect on muscle contractile function. 25 Despite the above limitations, in our study, the sample was representative of the population using the national registration lists.
Thus it is significant findings that the low relative grip strength was independently associated with MetS in the older population. In the present cohort, participants with MetS were more likely to be women. Older Korean women were more likely to be classified as 
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